FORMULA SHEET (tear off)

NA = 6.022 x 1023
1 amu = 1.661 x 10-27 kg
1 atm = 760 torr = 760 mm Hg
R = 0.08206 Latm/molK
R = 8.314 J/molK
F = 96485. C/mol

C = (5/9) (F - 32)
C = K - 273.15
1 atm = 1.013 bar
1 Latm = 101.3 J
1 J= 1 kgm2/s2
(1 volt)  (1 Coulomb) = 1 Joule

F = (9/5)(C) + 32
K = C + 273.15
pV = nRT

pA = XA pA
Tb = Kb mB

[B] = k pB
Tf = Kf mB

pA = XBpA
 = MBRT

H = U + pV
Grxn = Grxn + RT ln Q

G = H - TS
ln K =  Grxn
RT

Kp = KC (RT)ng

If ax2 + bx + c = 0, then x = ( - b  [b2 - 4ac]1/2 )
2a
KaKb = Kw
KaKb = 1.0 x 10-14 (at T = 25. C)

pH + pOH = pKw
pH + pOH = 14.00 (at T = 25. C)

pH = pKa + log10{[base]/[acid]}
G =  nFEcell

Ecell = Ecell  (RT/nF) ln Q

[A]t = [A]0 ekt
[A]t =
[A]0
(1 + kt[A]0)

ln[A]t = ln[A]0  kt
1 = 1 + kt
[A]t [A]0

k = A eEa/RT

ln k = ln A  (Ea/R)(1/T)

ln K = nFEcell
RT
t1/2 = (ln2)/k
t1/2 = 1/(k[A]0)
ln(k2/k1) =  (Ea/R) [ (1/T2)  (1/T1) ]
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.
Do all of the following problems. Show your work.
Unless otherwise stated, you may assume T = 25. C in all problems.
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Part 1. Multiple choice. Circle the letter corresponding to the correct answer. There is one and only one correct
answer per problem. [5 points each]
1) Consider a nonpolar liquid such as carbon tetrachloride (CCl4). Which general types of solids would be expected
to usually be soluble in such a liquid?
a) Polar molecular solid
b) Non-polar molecular solid
c) Ionic solid
d) Both a and c
e) Both b and c
2) For a chemical reaction to be spontaneous for standard conditions which of the following must be true?
a) Ssyst > 0
b) Ssurr > 0
c) Suniv > 0
d) Both a and b
e) Both a and b and c
3) For which of the following reactions can an expression for Kp be written?
a) CO2(g) + H2O()  H2CO3(aq)
b) H2(g) + I2(s)  2 HI(g)
c) NH3(aq) + H2O()  NH4+(aq) + OH(aq)
d) Both a and b
e) None of the above
4) For the chemical reaction
H2CO(g)  H2(g) + CO(g)
KC = 2.9 x 104 at T = 400. C. In a closed system containing CH2O, CO, and H2 at 400. C the value for the reaction
quotient is Q = 2.0 x 106 As the system approaches equilibrium, which of the following will occur?
a) The moles of H2CO in the system will increase
b) The moles of CO in the system will increase
c) The moles of H2 in the system will increase
d) Both b and c
e) Both a and b and c
5) A Bronsted base is
a) an electron pair donor
b) a proton donor
c) an electron pair acceptor
d) a proton acceptor
e) an amphoteric substance
6) For which type of titration will the pH at the equivalence point be expected to be less than 7.0?
a) The titration of a strong acid with a strong base
b) The titration of a weak acid with a strong base
c) The titration of a strong base with a strong acid
d) Both a and b
e) None of the above
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7) The solubility product for four slightly soluble ionic compounds containing hydroxide ion (OH) are given below
Co(OH)2
Pb(OH)2

Ksp = 5.9 x 1015
Ksp = 1.4 x 1020

Ni(OH)2
Zn(OH)2

Ksp = 5.5 x 1016
Ksp = 3.0 x 1017

Which of the above compounds would have the highest molar solubility when addd to a pH = 10.00 buffer?
a) Co(OH)2
b) Ni(OH)2
c) Pb(OH)2
d) Zn(OH)2
e) All four compounds would have the same molar solubility when added to a pH = 10.00 buffer
8) In a galvanic cell
a) oxidation occurs at the anode
b) reduction occurs at the anode
c) oxidation occurs at the cathode
d) Both a and c
e) Both b and c
9) A particular irreversible chemical reaction follows the following rate law: rate = k [A] [B]. The rate law is
a) first order in A
b) first order in B
c) a homogeneous rate law
d) Both a and b
e) Both a and b and c
10) In the Arrhenius equation, the value for the pre-exponential factor A depends on
a) the collision frequency
b) the orientation of the reactant molecules when they collide
c) the height of the energy barrier separating reactant and product molecules
d) Both a and b
e) Both a and b and c

Part 2. Short answer.
1) Short answer questions. For each of the following questions given the correct answer by filling in the blank. [5
points each]
a) The conjugate acid of methylamine (CH3NH2).

___________________

b) The oxidation number for an atom in an elemental form of a pure chemical substance.

____________

c) An expression for the average rate of reaction for the process 2 H2(g) + O2(g)  2 H2O(g), in terms of
formation of product.
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2) At room temperature, hydrogen and bromine gas exist in equilibrium with hydrogen bromide
H2(g) + Br2(g)  2 HBr(g)

KC = 2.2 x 109

A system initially contains 0.0080 mol/L H2 and 0.0260 mol/L HBr. There is no Br2 initially present. Find
[Br2], the concentration of bromine (in mol/L) when equilibrium is reached. [12 points]

3) Find the pH for each of the following solutions [10 points each]
a) A 0.0590 M solution of sodium hydroxide (NaOH), a strong soluble base.

b) A 0.0860 M solution of propanoic acid (C3H6O2), a weak acid, with Ka = 1.35 x 105
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4) A student prepares a buffer solution at pH = 4.80 The buffer uses acetic acid (CH 3COOH) as the weak acid, and
acetate ion (CH3COO) as the conjugate base of the weak acid.
a) What are pOH, [H3O+], and [OH] for the buffer solution? [10 points]

b) Give the balanced chemical reaction that takes place when a small amount of KOH (a strong soluble base)
is added to the buffer solution. [5 points]

5) Balance the following unbalanced oxidation-reduction reaction for acid conditions. [12 points]
I2(aq) + ClO(aq)  IO3(aq) + Cl(aq)

6) For a particular first order irreversible homogeneous reaction, the half-life of the reaction is found to be t1/2 = 47.8
minutes. What is the value for k for the reaction (including correct units)? [8 points]
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Part 3. Problems.
1) Thermodynamic data are given below (at T = 25. C) and may be of use in doing this problem.
Substance
Br2(g)
NO(g)
NOBr(g)

Hf(kJ/mole)

Gf(kJ/mole)

30.9
91.3
82.2

3.1
87.6
82.4

S(J/mole.K)
245.5
210.8
273.7

Nitrosyl bromide (NOBr) can be formed from the reaction of bromine gas with nitrogen monoxide. The
balanced equation for the reaction is
2 NO(g) + Br2(g)  2 NOBr(g)
a) Find the numerical values for Srxn, Grxn, and K (the thermodynamic equilibrium constant) for the
above reaction. [18 points]

b) Is the above reaction spontaneous for standard conditions (yes/no and a brief justification of your
answer)? [6 points]
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2) Cadmium II iodate (Cd(IO3)2, MW = 462.2 g/mol) is a slightly soluble ionic compound.
a) Give the correctly balanced equation for the solubility reaction for cadmium II iodate in water. Also give
the expression for Ksp, the solubility product. [8 points]

b) The osmotic pressure of a saturated solution of cadmium II iodate, measured at T = 25.0 C, is  = 104.
torr. Based on this result, find the numerical value for Ksp, the solubility product of cadmium II iodate.
[16 points]
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3) A particular irreversible chemical reaction obeys the rate law
rate = k [A]m [B]n
The initial rate of reaction is measured for a variety of initial conditions, and the data are given below. All
experiments were carried out at the same temperature. Based on this information, find the values for m, n, and k
(including correct units). [20 points]
experiment

1
2
3

[A]
(mol/L)

[B]
(mol/L)

initial rate
(mol/Ls)

0.0200
0.0200
0.0100

0.0200
0.0500
0.0200

0.88 x 10-6
5.54 x 10-6
0.42 x 10-6
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